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Structure fabrication and measurements
The sample has been fabricated by photolithography on a double-polished silicon wafer 500 μm in thickness. The marks for alignment in nesting lithography were first prepared on the wafer. Lift-off procedures were used to fabricate the double-layer U-shaped resonators (USRs). A U-shaped pattern was first defined on the substrate using photoresist. A 100-nmthick gold film was blanket-deposited all over the patterned substrate, covering the photoresist and the areas on which the photoresist had been cleared. Thereafter, the photoresist under the film was removed with solvent, leaving the gold U-shaped pattern on silicon substrate. In this way, the lower layer of USRs was generated. Then a layer of 600-nm-thick silicon nitride was deposited over the gold structures as a spacer layer. Thereafter, a layer of photoresist was once again spin-coated, followed by alignment nesting lithography and lift-off procedure. Meanwhile, each USR on the top layer located exactly above the one on the lower layer, yet the orientation had being rotated for 90 o in a specific way. In this way, the double-layered USRs were fabricated.
After the lithography process, 2 μm silicon layer was deposited on the top using magnetron sputtering to cover the gold USR array. Transmission spectra of the sample were measured with a vacuum infrared Fourier-transform spectrometer (Bruker Optics, IFS 66v/s).
USR sample was placed between a pair of polarizers with adjustable polarization angle.
Numerical Simulation
The complex transmission and reflection coefficients (S parameters) were calculated by 
Retrieval of permittivity and permeability from experimental data
The retrieval of permittivity and permeability (as shown in Fig. 4 (d) of main text) was based on the transmission spectra, following the method reported in ref. [s1-s3] . For our USRs we are able to determine the type of resonance (electric or magnetic) in numerical simulations. The electric resonance is clearly separated from the magnetic resonance for both
x-polarization and y-polarization. Since the experimental spectra agree well with the numerical simulations, we can easily identify the electric and magnetic resonances in the experimental transmission spectra. According to the dispersion relationships in ref. ( 1) where A e and A m are oscillation amplitudes, ω p are plasma frequency, ω e0 and ω m0 are resonance center frequency, γ e and γ m are damping constants and ε s is the static dielectric constant of the metamaterial, we are able to fit the experimental data and eventually retrieve the ε eff and μ eff from the transmission intensity measurement for both x-polarized and ypolarized incident light. Table S1 Figure S1 illustrates the calculated snapshot of surface current density on each layer of USRs, which are excited by light with specific polarization at ω L and ω H , respectively. The red arrows represent the current density on the upper layer, whereas the yellow arrows represent that on the lower layer of USRs. On each individual USR pair the surface current generally follows the direction of the straight arms of USRs, except at the corner regions where the electric current does not make a sharp 90 o turn. The surface current follows the geometrical shape of USRs much better when the width of USR arms, b, is much smaller than the length a of each arm (i.e., the surface current follows much better the shape of USRs when the arms are lanky). Calculations indicate that, when a number of USR elements are assembled together, for example, in the unit composed of two elements U 1 and two elements U 2 , as that shown in Fig. 1(b) in main text, the interaction of the neighboring USRs make the effective currents on each arm of USRs parallel to the geometrical edges. The effective surface current on USRs is schematically illustrated by the highlighted, long arrows in Fig. 
Surface current distribution
S2.
To verify the illustration shown in Fig. S2 , we integrate surface current density on each layer of U 1 -U 2 assembly (as that shown in Fig. 1(b) in main text) along x -direction and ydirection at a certain moment, respectively. The results are listed in Table S2 . We can find that (i) For x -polarized incident light at ω L , the effective currents on upper layer and lower layer are anti-parallel, and both along x -axis; the components along y -axis are extremely low; (ii) For y -polarized incident light at ω L , the effective currents on upper layer and lower layer are parallel, and both along y -axis; the components along x -axis are extremely low; (iii) For x -polarized incident light at ω H , the effective currents on upper layer and lower layer are polarized incident light at ω H , the effective currents on upper layer and lower layer are antiparallel, and both along y -axis; the components along x -axis are extremely low. Therefore, the data shown in Table S2 prove that the illustration in Fig. S2 is correct. Table S2 . The integrated surface current density on each layer of U 1 -U 2 assembly along x -direction and y -direction at lower and higher resonant frequencies, respectively. 
Fig S1
The snapshot of the calculated surface current density excited on U 1 and U 2 at lower and higher resonant frequencies, respectively. The electric current density on the upper layer is marked by the red arrows, whereas the current density on lower layer is represented by the yellow arrows.
Fig S2
The schematically illustration of the effective surface current on U 1 and U 2 at lower and higher resonant frequencies, respectively. The effective currents on each layer are marked by the highlighted long arrows with different colors.
Distribution of electric and magnetic fields on USRs
In order to demonstrate that the resonances occurred at ω L and ω H indeed correspond to pure magnetic and electric resonances, respectively, we illustrate in Fig. S3 the calculated distribution of electric field and magnetic filed, respectively. The data in Fig. S3 are collected at ω L and ω H , respectively, and on the plane in the middle of the upper and lower USRs, as shown on the top of Fig. S3 . According to Fig. 2 in main text, for x-polarization, at ω L magnetic resonance occurs and at ω H electric resonance occurs; for y-polarization, however, at ω L electric resonance occurs and at ω H magnetic resonance occurs. This can be vividly verified in Fig. S3 . One may find from (a1)-(a3) that for x-polarization, at ω L , the electric field on all the elements of the unit has been canceled out, whereas the magnetic field on all the elements has been summed up. Consequently the resonance is a magnetic resonance. Still for x-polarized incident light, at ω H , as illustrated in (c1)-(c3), the magnetic field on all the elements has been canceled out, whereas the electric field on all the elements is all in phase.
So in this scenario the resonance is an electric one. Similar situation occurs for the ypolarized incident light, at ω L electric resonance occurs ((b1)-(b3)), and at ω H magnetic resonance occurs ((d1)- (d3)). Therefore from the field distribution we are able to prove further the conclusion made based on Fig. 2 in main text. 
